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WEDGE SYSTEM SHELF ENCLOSURE FOR NETWORK DATA STORAGE SYSTEM 

Background 

With the explosive growth of the Intemet and with the growth of cKent-server systems in both 
business-to-business and business-to-consumer relationships, there has come to be a profound 
shift in business and consumer expectations regarding availability aad reliability of servers 
and associated data. Historically many systems were batch-oriented, white nowadays systems 
are updated ia real time. Historically many systems provided information to a small number 
of people who in turn interfaced with large niombers of people; nowadays customers and users 
expect to be able to obtain information themselves without having to speak to m 
intermediaiy. Historically, in batch-oriented systems, it was a straightforward matter to 
protect against single-poiat data loss by simply replicating files before or after the batch 
processing. In present-day systems where continual updating takes place, no single act of 
replication provides a coii5)lete solution to the problem of backups. 

A number of approaches have been devised to deal with such needs. One approach, and 
historically the first approach, was to attempt to make an arbitrarily reliable disk drive or 
other storage mechanism Such an approach is uneconomic, however, and even if cost were 
of no concern, there ai-e natural upper limits on how reliable a particular storage device can 
be. 

A different approach, called RAID (redundant array of iadependent disks) has proven to be a 
much better way to attempt to achieve high reliability in data storage. A RAID system will 
contain as many as about fourteen disk diives, tied together logically. Versions of RAID have 
been developed wliich store each item of data several times on each of several different 
physical drives. In this way, loss of a single physical drive need not result in loss of any data. 
Indeed, with appropriate softwai'e and system design, it is possible to protect against loss of 
two drives. StiQ otber versions of RAID permit improved data latency, that is, a reduction in 
the interval between the time that an item of data is desired and the time that the item of data 
is retrieved. 
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Stated differently, RAID permits the use of several relatively inexpensive disk drives of non- 
perfect reliability, in a system which can be shown to be extremely reliable. 

The above-mentioned advantages are foimd regardless of whether particular physical drives 
are permanently installed or are removable. But with further advances in hardware and 
software design, it has beconae possible for drives to be 'liot-swappable", meaning that a 
drive or other system component can be removed while the system is operating, and replaced 
with a new uait. Under softwai*e control, the RAID system can offer seamless service while 
such swaps are taking place. 

Given the many advantages of RAID systems, it is unsmprising that RAID systeins have 
come into commercial use. In recent times the popularity of RAID systems has given rise to a 
great need for RAID systems of ever-greater capacity and storage density. There are 
competitive pressures to reduce the cost of RAID systems. Now that the logical function of a 
RAID system is well defined, attention has shifted to improving the enclosures and other . 
infrastracture for the physical disk drives noaking up a RAID system 

Most RAID systems are rack-mounted, for example on industry-standard nineteen-inch racks. 
Each system is thus of a width to fit in the rack, and is of a height to accommodate the height 
of a disk drive. A plurality of disk drives are mounted in the system, parallel to each other 
and stacked to reach nearly the width of the rack. 

Historical RAID enclosxires are typically made of formed sheet metal. Such enclosures don't 
always keep their shape well, and some such enclosures can transmit vibration from one disk 
drive to another, leading to sympathetic vibrations and disk failure. It is important to keep the 
drives and power supplies from overheating, so cooling is important. Such cooling can be 
accomplished by a combination of forced-air cooling and other means such as conduction. 
The bulk material of a sheet-metal enclosure often contributes little to cooling, and in fact 
may impede coolhig. 

Formed sheet metal parts give rise to mechanical tolerances which stack up as the parts are 
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assembled. Excessive tolerances can lead to assembled products which ai-e unacceptable to 
customers for a number of reasons. 

It is necessary to provide guideways which permit sliding disk drives iato the enclosure. The 
guideways must satisfy many requirements, for example, they must cause the disk drive's 
connectors to aHgn with corresponding connectors on a backplane iaside the enclosure. The 
guideways must also be spaced and shaped to within particular tolerances simply to receive 
the disk drives. The guideways must provide locking mechanisms to lock disk drives into 
place, yet must permit a drive to be readily xmlocked for removal. 

It is also necessary to provide plenums or other air guides so that cooling air from cooling 
fans can pass over each of the disk drives. It would be unacceptable for any disk drive to be 
starved of cooling air. Yet a sheet-metal enclosure is relatively expensive to fabricate, 
especially considering the very demanding requirements for guideways and air plenums. 
Traditional enclosures are heavy. This adds to shipping costs. 

In many enclosiu-es the drive carriers essentially rest on the bottom shelf of the enclosure, 
leading to biased loading of the bottom shelf wall of the enclosure. Statically, this can lead to 
a deflection of the bottom shelf wall, causing the enclosure to exceed the permitted envelope 
for the case, for example to exceed a three-unit rack space by extending downward into the 
next rack space below. Such deflection also risks loss of the integrity of EMI shielding 
between the tops of the carriers and the top wall of the enclosure. In an earthquake scenario, 
deflection could give rise to slapping between adjacent enclosures possibly causing damage to 
hard drives or modules. 

If drive caixier vertical motion is not fiilly constrained, there is the risk that drive rotational 
vibration could be coupled back into the enclosui-e. Such vibration coupling could lead to 
soft errors. If operating shock or vibration are present, lack of vertical constrain could 
produce soft drive errors .or could even lead to intermittent or consistent disconnects at the 
electrical connector that joins flie drive and the mother board. 



3 



wo 01/73790 



PCTAJSOl/09536 



Some prior art designs have employed large deflection spring fingers to attenapt to vertically 
constrain the carriers in tiie enclosure, but this is not wholly satisfactory. 

There is thus a great need for an enclosure for a disk storage system that keeps its shape weD, 
that provides guideways for disk drives, that allows for easy provision of air plenums, that 
helps rather than hinders cooling, that doesn't weigh as much, and that can be econondcally 
manufactured. 



Summary of the Invention 

A shelf enclosure for a network data storage system en5)loys drive caniers having wedge 
noechanical interfaces with respective features on the enclosure, locking into place at the top 
and bottom of the carriers. 

Description of the Drawing 
The invention will be described with respect to a drawing in several figures, of which: 
Fig. 1 is a perspective view of an enclosure according to the invention; 
Fig. 2 is an exploded perspective view of the enclosure of Fig. 1; 
Fig. 3 shows in perspective view one of the halves of the enclosure of Figs. 1 and 2; 
Fig. 4 shows in perspective view the enclosure of Fig. 1 receiving a disk drive carrier; 
Fig. 5 is a cross section of the enclosure of Fig. 1 showing a disk drive carrier fiilly inserted; 



Figs. 6 and 7 are cross sections showing in closeup the angled areas of wedge engagement at 
the top and bottom of Pig. 5; 
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Fig. 8 shows a drive carrier partially iaserted iQto an enclosure; 
Fig. 9 shows a drive carrier fully inserted iato the enclosure; and 

Fig. 10 shows a drive carrier fully inserted into the enclosure, the perspective drawing also 
showiing a bezel and camming lever. 

Where possible, like reference designations have been used for like elements ia the figures. 

Detailed Description of Exemplary Embodiments 

Fig. 1 is a perspective view of aa enclosure 22 accordiag to the invention. Top aad bottom 
pieces 10 and 11 are shown. Importantly, the top and bottom pieces are identical. This 
reduces tooling costs. Rails 12 may be seen, iategi-aHy formed with the top and bottom 
pieces, and each pair of adjacent rails 12 defines a guideway 51. The enclosure 22 is 
preferably made of noagnesium and is preferably made from AZ9 ID alloy. 

Fig. 2 is an exploded perspective view of the enclosure 22 of Fig. 1. Top and bottom pieces . 
10 and 1 1 may be seen, having firont edges 13 and 14 respectively. 

Fig. 3 shows iQ perspective view one of the halves 1 1 of the enclosiire 22 of Figs. 1 and 2. 
Long edges 15, 16 are provided, shaped to iaterlock smoothly and to permit the halves to be 
joined. 

Fig. 4 shows in perspective view the enclosure 22 of Fig. 1 receiving a disk drive carrier 
holding a disk drive 19. The drive carrier 19 slides in direction 18, and angled features 17 
engage smoothly with rails 12 as the drive carrier 19 slides into place. A cam interlock 45 is 
also provided. This feature engages with a cam (omitted for clarity in Fig. 4) in a drive 
carrier 19 which pvS\& the carrier fully into place when it is being inserted, and which assists 
in pulling the carrier out when it is being removed. 
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Fig. 5 is a cross section of the enclosure 22 of Fig. 1 showing a disk drive carrier 19 fiilly 
inserted. Top and bottom engagement regions 23 and 24 are shown in more detail in Figs, 6 
and 7, discussed below. The drive carrier 19 engages both electrically and mechanically with 
a backplane or mother board 20. A latch handle or camming lever 21 is provided, which may 
be swung outwards to assist in extractiag the drive carrier 19 from the enclosure 22; for 
exs£rap]& in the event that it is necessary to replace the drive carrier 19. 

Figs. 6 and 7 aie cross sections showing in closeup the angled rail regions 23, 24 at the top 
and bottom of Fig. 5. The enclosure 22 iacludes rail features 27, 29, The disk drive carrier 
19 iacludes matiag features 28, 30. These features engage at substantially planar engagement 
regions 25, 26. The engagement regions 25, 26 are importantly angled relative to the plane 
defined by the top and bottom faces of the enclosure 22, and are preferably symmetrical, 
region 25 angled upwards in a mirror image to the region 26 angled downwards. The disk 
drive carrier 19 further comprises portions 34 and 33. 

The wedge features 17 (Fig. 4) extend to one side and to the other side of the disk drive 
carrier 19, toward respective rails 12 (Fig. 4). Thus, each two disk drive carriers 19 will have 
a single rail 12 between them. Likewise, each two rails 12 will have a single disk drive 
carrier 19 between them. The structure of the enclosure 22 defines three axes x, y, and z as 
shown in Fig. 4. These axes further define three planes xy, yz, and xz. The drive carrier, as 
mentioned above, is inserted in direction 18 which is in the direction of the y axis. The top 
and bottom surfaces of the halves 10, 1 T are parallel to the xy plane. 

The wedge features on the top and bottom of the drive carrier 19 engage into matiag recesses 
on the shelf enclosure 22 when the drive carrier 19 is fully inserted into the enclosure 22. 
Engaging these features mechanically ties the top and bottom shelf halves 10, 1 1 together 
with the drive carrier 19. This knproves the overall structure of the enclosure 22, reduces the 
rotational vibration of the drive caixier 19, and centers the drive carrier 19. The drive carrier 
19 has electromagnetic iuterference (EMI) shields (shown at 50 in Fig. 10) and centering the 
drive carrier 19 helps to iusure proper contact of the EMI shields 50 with the shelf enclosure 
22 and with adjacent drive carriers. 
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It will be appreciated that when a carrier 19 slides all the way into the enclosure 22, the male, 
wedge shaped T tab carrier features 28, 30 engage fully with female wedge shaped T slots or 
enclosure features 27, 29. In this way the carrier 19 is interlocked with the enclosure at both 
the top and the bottom More particularly, when a carrier 19 is inserted into the enclosure 22, 
it is first inserted a fii'st distance into the enclosure until the carrier's wedge features are 
nearby to the enclosmre's wedge features, and then it is fully inserted. The full insertion 
accomplishes several things — the carrier is placed into tension relative to the top and bottom 
halves of the enclosure, and an electiical connector at the rear of the drive carrier comes into 
mechanical and electrical connection with a matching electrical connector on the mother 
board within the enclosure. This fuU insertion is preferably accomplished with the help of a 
camming lever pivotably connected to the carrier 19, which camming lever engages with the 
camming interlock 45 of the enclosvure 22. When the time conies to remove the carrier, the 
camming lever is actuated in the opposite direction, engaging the camming interlock 45 and 
tending to extract the canier. In this way the camming lever overcomes sticking friction 
between the carrier and the enclosure, and provides the extraction force needed to separate the 
electrical connectors. 

The mechanical interfaces between the wedges on the shelf enclosure 22 and drive carrier 
rails are primarily intended to vertically lock and center the carrier 19 to the enclosure 22. As 
mentioned earlier, there are wedge features to the left and right sides of the rails 12, which 
features are intended to "gather" when a carrier 19 is first beginning to be inserted into the 
enclosure 22. This helps to aim and position the carrier 19 so that it may slide smoothly into 
place. The side-to-side positioning of the carrier 19 (that is, positioning in the X axis) is 
essentially controlled by the width of the. carrier guide rails relative to the width of the slot 
between adjacent rails 12. 

Fig. 8 shows in perspective view a carrier 19 not fuUy inserted into the enclosure. Wedge 
surface 30 of the drive carrier may be seen, along with wedge surface 26 of the guide rail 
Fig. 9 shows the carrier 19 ftilly inserted, Guideways 51 may be seen in Figs. 8 and 9. For 
clarity in Figs. 8 and 9, the front bezel and camming lever of the carrier 19 are omitted from 
the perspective view. 
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Fig. 10 shows the carrier 19 fully inserted, with camming lever 21 visible. RF sliield 50 may 
also be seen along with guideway 51. 

The exen^lary magnesium casting shelf allows guides for printed circuit boards (PCBs), 
guides for drive carriers, a backplane mounting flange, an interlock between the drive carrier 
and the shelf, a drive carrier cam interface 24, and plenum guides. These are all integrally 
formed with the shelf and provide a structurally strong yet lightweight enclosure. The 
reduced weight is of commercial importance, because it reduces shipping costs and makes the 
product moi'e attractive to a customer. The cast metal helps in damping vibration among the 
disk drives contained within the enclosure. Magnesium as a bulk material offers better 
thermal conductivity than plastic or steel, which may help with heat dissipation from the disk 
drives and cooling of the disk drives and power supplies. It offers EMI shielding and has 
better structural properties . 

Those skilled in the art wiH have no difficulty devising myriad obvious in5)ro vements and 
valuations, all of which are intended to fall within the scope of the invention as defined by the 
claims that follow. 
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Claims 

1. A data storage system coirprising an enclosure, said enclosure having top and bottom 
walls, each wall having a respective top and bottom face, the bottom face of the top waU and 
the top face of the bottom wall each having opposed and corresponding rails; 

i said system further comprising a plurality of drive carriers, each carrier disposed with rails 
engaging respective enclosure rails, wherein the drive carriers are substantially parallel with 
each other; 

each of said carriers having a top edge and a bottom edge, and fin^ther having two wedge 
features, respective wedge features positioned at the top and bottom edge of the carrier; 

) each of said rails defining enclosure wedge features, said enclosure wedge features mating 
with corresponding carrier wedge features; 

said wedge features angled such that inserting a carrier fully into the enclosure inaposes 
vertical tension in the carrier and locks the carrier to the enclosure at both the carrier's top 
edge and bottom edge. 

» 2. The system of claim 1 wherein the enclosure farther comprises top and bottom halves, 
each of said top and bottom halves being identical. 

3. The system of claim 2 wherein the halves are made of cast magnesium 

4. The system of claim 3 wherein the magnesium is AZ9 ID alloy. 

5. A method for use with a shelf enclosure, the enclosure conqprising rails having wedge 
) features, the method comprising: 
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sliding a first drive earner a first distance into corresponding rails ia the enclosure until 
wedge features at top and bottom edges of the first drive carrier draw near to corresponding 
wedge features of the enclosure; 

sliding the first drive carrier a second distance into the rails, whereby the drive carrier wedge 
features engage the enclosure wedge features, and whereby tbe first drive carrier is placed in 
tension, tending to draw opposing faces of the enclosure toward each other. 

6. The method of claim 5 further comprisiug: 

sUdiag a second drive carrier a first distance into corresponding rails in the enclosure imtfl. 
wedge features at top and bottom edges of the second drive carrier draw near to 
corresponding wedge features of the enclosure; 

sliding the second drive carrier a second distance into the rails, whereby the drive carrier 
wedge features engage the enclosure wedge features, and whereby the second drive carrier is 
placed in tension, tending to draw the opposing faces of the enclosure toward each other. 
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